Effect of renin immunization on mercuric chloride and glycerol-induced renal failure  by Flamenbaum, Walter et al.
Kidney International, Vol. 1 (1972), p. 406—412
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Effect of renin immunization on mercuric chloride and glycerol-
induced renal failure. The effect of immunizing rats with hog
renin, inactivated renin, or crude renin-depleted renal substance
on the development of mercuric chloride (4.7 mg/kg body wt,
subcutaneously) or glycerol-induced (10 mI/kg body wt of 50%
glycerol in water) myohemoglobinuric acute renal failure was
studied. Rats exposed to these various immunization procedures
were evaluated on either a routine diet or after dietary sodium
loading. Effective renin immunization was determined by the
demonstration of a suppressed pressor response to the infusion
of exogenous hog renin. Additionally, serum from renin-immun-
ized animals neutralized the pressor activity of hog renin injected
into a normal rat and also inhibited angiotensin generation from
the reaction between sheep renin substrate and either hog or rat
renin. Saline loaded rats, regardless of immunization procedure,
demonstrated significant amelioration of both mercuric chloride
and glycerol-induced acute renal failure. Renal renin concen-
tration was decreased only in saline loaded rats. Despite plasma
renin activity depression to the level obtained with saline loading
alone, renin immunization did not protect against the develop-
ment of experimental renal failure. If the renin-angiotensin axis
is etiologically related to the development of experimental acute
renal failure, it appears that renal renin acting via a local intra-
renal mechanism, rather than circulating renin, is the vasoactive
mechanism.
Effet de l'immunisation par la rénine sur l'insuffisance rénale
induite par le chlorure mercurique ou le glycerol. L'effct de l'im-
munisation de rats par Ia rénine de porc, la réninc inactivée ou
de l'extrait non purifié de rein ddplété dc réninc sur le développe-
ment de l'insuffisance rénale aigue induite par le chlorure mercu-
rique (4,7 mg/kg poids corporel) ou dc celle, myohémoglobin-
urique, déterminée par le glycerol (solution aqueuse 50%,
10 mI/kg poids corporel) a été étudiA. Des rats soumis a ces
diverses immunisations ont reçu soit une alimentation banale
soit une charge alimentaire en sodium. La réalité de l'immuni-
sation par la rénine a Cté démontree par Ia suppression de Ia
réponse vasopressive lors de Ia perfusion de réninc de porc. Dc
surcroit,le serum des animaux immunisés par Ia rOnine neutrali-
salt l'activité vasoprcssive de rénine de porc injectée a un' animal
normal et inhibait Ia génération d'angiotcnsine dans la reaction
entrc le substrat de chévre et Ia rénine de pore ou de rat. Les
rats charges en sodium, indepéndamment du procédé d'immuni-
sation, ont eu unc amelioration significative de l'insuffisance
rénale aigue induite par le chlorure mercurique ou Ic glycerol.
La concentration rénale de rénine était diminuée chez les seuls
rats charges en sodium. En dépit d'une diminution de l'activité
rénine plasmatique comparable a cclle obtenue par la seule
charge en sodium, l'immunisation par Ia rénine n'a pas protégé
les animaux contre le développement de l'insuffisance rénale
expérimentale. Si l'axe rénine angiotensine est étiologiquement
lie au développement de l'insuffisance rénale aigue expérimentale
il apparait que Ia rénine rénale, agissant par l'intermédiaire
d'un mécanisme local, intrarénal, plutot que la rénine circulante,
est le mécanisme vaso actif.
An enlarging body of information suggests that the renin-
angiotensin axis is an important mediator in the patho-
genesis of acute renal failure. 1-ligh peripheral renin activity
has been found in the oliguric phase of this syndrome in
both man and experimental animals [1—6]. Long-term salt
loading, a maneuver known to depress renal and plasma
renin titers, prevents the development of sustained acute
renal failure in rats subjected to myohemoglobinuria [7]
or poisoning with dichromate [8] or mercuric chloride [9].
If the renin-angiotensin axis does serve as a mediator in
this syndrome, however, it is unclear whether it exerts its
effect through circulating renin activity or by a direct
intrarenal action. The present study was undertaken to
determine whether immunization against renin would serve
to prevent rats from developing mercuric chloride or gly-
cerol-induced acute renal failure and to further examine the
role played by the renin-angiotensin axis in the develop-
mental and sustained phases of acute renal failure in the rat.
Methods
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Female Sprague-Dawley rats, used throughout these
experiments, were fed a routine diet of Purina® laboratory
chow and tap water. Certain rats ("saline loaded") were
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given I % NaC1 in place of tap water for three weeks or
more before they were used for experiments.
Renin immunization. Renin antigen was prepared by
thoroughly mixing 50 Goldblatt units (G. U.) of hog renin
(Nutritional Biochemical Company, Cleveland, Ohio) in
0.25 ml 140 m saline with an equal volume of complete
Freund's adjuvant, and 0.05 ml of this mixture was injected
into a hind limb foot pad of each rat four times at weekly
intervals. An equivalent weight of the same renin prepara-
tion whose pressor activity was destroyed by heating to
60°C for 45 mm was substituted in the mixture administered
to mock-immunized animals. To evaluate the effect, if any,
of non-renin material in the renin preparation, an additional
group of rats was injected with renal tissue derived from
donor animals that had been maintained on 1 % NaCI
solution as their sole source of drinking fluid for three weeks.
The kidneys of these animals were removed, dried, and
ground on a 200 gauge fine wire mesh. This renin-depleted
kidney tissue (renal substance) was added to Freund's
adjuvant in an amount equal by weight to that of hog renin
used in the other experiments and was injected with the
same "immunization" schedule.
Additional groups of rats that had been maintained on
1 % NaCl in place of tap water for three weeks or longer
were simultaneously injected with renin, inactivated renin
(mock) or renal substance following the immunization
schedules outlined above.
Evaluation of renin immunization. A. Direct Method.
Normal, mock-immunized, and renin-immunized rats were
anesthetized with intraperitoneal sodium pentobarbital,
50 mg/kg, but were not vagotomized or given pentolinium.
A carotid artery was catheterized and the blood pressure
response of each animal to i.v. doses of 0.01, 0.10 and
0.50 G.U. of hog renin was measured using a mercury
manometer and a pen float kymograph recording system.
Each injection consisted of the appropriate quantity of
renin in 0.05 ml of normal saline. At least 15 mm of stable
blood pressure was allowed between the three injections.
B. Indirect Method. Fresh plasma obtained from normal,
renin-immunized, and mock-immunized rats and animals
injected with renal substances was added to an equal volume
of a hog renin solution (10 G.U./ml of 150 mrvi NaCl),
mixed, and allowed to incubate at room temperature for
15 mm. The pressor response of normal, anesthetized, non-
immunized rats to 0.1 ml of each test serum mixture contain-
ing 0.50 G.U. of renin was compared with the response
obtained with the same dosage of renin in 0.1 ml of normal
saline in the same test rat. Injections with the two renin
solutions were alternated, only two injections with each
solution being used in each assay animal to avoid tachphy-
lactic effects.
C. Bioassayable Angiotensin Generation. To demonstrate
the ability of rat anti-hog renin antibody to react with rat
renin, the generation of bioassayable angiotensin was deter-
mined in the presence of excess angiotensinase-free sheep
renin substrate after preincubation of serum from renin-
immunized rats with either hog renin or rat renin. Renin
substrate was prepared by the method of Skinner [10] and
rat renin was prepared as described below for renin extrac-
tion. The final concentration of the angiotensinase-free
substrate used was 1,600 ng/ml angiotensin equivalents.
Serum samples, 0.1 ml, obtained from renin-immunized,
mock-immunized and non-immunized rats were preincuba-
ted with 0.50 G. U. of hog renin for 24 hours at 4°C. Excess
sheep substrate, 0.7 ml, was then added and the mixture
was incubated for 15 mm at 37° C. The generation of angio-
tensin during this second incubation was measured by
the bioassay procedure of Skinner [10]. Each sample was
assayed in duplicate.
Measurements of peripheral renin activity and renal renin
concentration. Plasma and kidneys were obtained for these
studies from unanesthetized rats sacrificed by acute blunt
head trauma. Blood samples were collected from the
inferior vena cava into cold, heparinized syringes. Both
kidneys were harvested as quickly as possible and were
cooled to 0° C until frozen for storage at —20°C. Immuno-
assayable endogenous plasma renin activity (PRA) was
measured by the method of Haber et al [11]. Two aliquots
of each plasma sample were assayed in duplicate and the
results recorded as the average of the four separate assays.
Renal renin was extracted and prepared for assay by a
method of Haas (personal communication). The method is
a modification of a previously published technique of
Haas et al [121. Each whole kidney was weighed and then
frozen and thawed four times before being ground in a
tissue grinding mill with 0.75 ml of distilled water/g of wet
kidney wt. The mixture was centrifuged at 4°C for 30 mm
at 1 500x G. The supernatant was saved and residual tissue
was resuspended in 0.75 ml volumes distilled water, stirred
for 15 nun and centrifuged for 30 mm. Both supernatants
were combined and the acidity adjusted to pH 2.6 with
1.0 N H2S04. With stirring, 95% ethanol was added
dropwise to bring the final concentration of ethanol to
10%. After standing for one hour at 0°C, the mixture was
centrifuged for 30 mm at 1 500 x G.The supernatant was
decanted and adjusted to pH 4.5 with 1.0 N NaOH. This
suspension was dialyzed against distilled water at 4°C
for 17 hrs. The dialysate was readjusted to pH 4.5 and
ammonium sulfate was added to a final concentration
of 2.4 M. The mixture was stirred for 10 mm at 0°C and
centrifuged for 30 mm at 1 500 x G. Theprecipitate was sus-
pended in 0.5 ml of distilled water and dialyzed against
distilled water at 4°C for 17 hrs. The dialysate was cen-
trifuged for five mm at 20,000 x G and the supernatant was
saved.
For assay of renal renin concentration (RRC), this final
supernatant was diluted to a total volume of 1.0 ml with
sterile normal saline, 0.1 ml of which was incubated with
excess sheep substrate at 37°C for 10 mm. Incubation was
abruptly terminated by immersion of the sample in a dry
ice-acetone bath. Extracts from kidneys of saline-loaded
rats were incubated with substrate for 24 hours because
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there was no detectable angiotensin generated during either
a 10 mm or a six hr incubation. Angiotensin generated was
measured in duplicate by the bioassay procedure of Skinner
(10]. One unit (U) of renin is arbitrarily defined as that
amount of renin which, in the presence of excess sheep
substrate, will generate 100 ng of angiotensin ml/hr of
incubation at 37°C. The results are expressed as units/g
of wet kidney wt (U/g). Based upon a renin standard
supplied by the National Institute for Medical Research
in London, England, the pressor activity in one unit is
approximately equivalent to 3.6 G. U.
Induction of acute renal failure. Nonimmunized, water
drinking Sprague Dawley rats weighing 175 to 225 g,
comparable rats given saline in place of tap water for three
or more weeks prior to experimentation, and animals
subjected to the various immunizing procedures described
above were placed in individual metabolic cages 24 hours
before experiments were begun. Body weight, urine excre-
tion, and fluid intake were recorded, and 0.1 ml volumes
of blood were obtained from their tails for the Autoana-
lyzer determination of blood urea nitrogen (BUN) concen-
tration. Acute renal failure was produced on the following
day by injecting 10 mi/kg body wt (BW) of 50% glycerol in
tap water i. m. or 4.7 mg/kg BW HgCl2 subcutaneously.
Urine volume, body weight, fluid intake and BUN were
determined on the two successive days. Thereafter, the
rats were sacrificed by acute blunt head trautha, the abdomen
opened, renal pedicles clamped, and the kidneys were re-
moved for the determination of renin concentration. Blood
samples were obtained for the measurement of PRA and
BUN concentration.
Statistical analyses were performed according to Snedecor
[13]. All results are presented as the mean standard error
of the mean (sEM).
Results
Renin immunization. The direct pressor responses to i. v.
hog renin at doses of 0.01, 0.10 and 0.50 G.U. in mock-
immunized, renin-immunized and non-immunized groups
of rats are shown in Table 1. The mean pressor response
of the six renin-immunized rats was markedly less than that
of mock-immunized and non-immunized rats (P < 0.05 or
below) at all three renin doses. The mean blood pressure
rise of 6± 3 mm Hg observed in the renin-immunized rats
given 0.50 G. U. of renin was not different from that ob-
served with 0.01 G. U. of renin in either mock-immunized
(F> 0.25) or non-immunized (P> 0.25) rats. The renin
responsiveness of mock-immunized rats was not different
from non-immunized controls (F> 0.10). Responsiveness
to norepinephrine was not different in the three groups.
The results of experiments testing the ability of serum
of renin-immunized rats to inhibit the indirect pressor
response by neutralizing hog renin during an in vitro
incubation are shown in Table 2. The mean pressor response
of the individual groups of rats injected with 0.50 G. U.
Table!. Direct pressor response to hog renin in mock-immunized,
renin-immunized and non-immunized rats
Mock- Renin- Non-
Immunized Immunized Immunized
Controls
Number of Rats 6 6 6
Blood Pressure Rise, mm Hg
Renin, i. v.
0.01 G.U. 5 1 2 1 4 I
0.1OG.U. 19±2 2±1 12±1
0.50G.U. 32±4 6±3 37±2
Norepinephrine, i. v.
5x109g 18±1 18±2 15±1
Table 2. In vitro neutralization of pressor response to 0.50 G.U.
hog renin (indirect method) in normal rats
Source of Test Seraa Pressor Response, mm Hg
Immunization Diet Renin Renin+
Procedure Test Sera
None Routine 37±1 34± 1
Renin Routine 41 3 I
Renin "Saline" 35 2 3 1
Mock Routine 41±2 40±3
Mock "Saline" 31 1 30±1
Renal substance Routine 36±2 33±2
Renal substance "Saline" 33 1
36±2c
33 1
a Sera from 6 rats were assayed in each group.
b See text for description.
C Combined mean.
hog renin ranged from 31 ito 41 2 mm Hg, the mean of
the 42 rats combined being 36 2 mm Hg. Sera of mock-
immunized rats and animals injected with renal substance,
regardless of salt intake, did not significantly inhibit the
renin pressor response of the assay rats to 0.50 G. U. of
renin (F> 0.10 or greater). A marked inhibition of renin
pressor response was obtained only with sera of renin
immunized rats, on either routine or high salt diets (P
<0.0005).
The neutralization of both hog and rat renin incubated
with excess renin substrate and sera of the various study
groups on a routine diet is shown in Table 3. The angio-
tensin generated during a 15 mm incubation, expressed as
ng/ml/hr, with mock-immunized sera was not significantly
different from that observed using sera of non-immunized
controls (F> 0.10). Sera from renin-immunized rats incu-
bated with hog renin, on the other hand, completely inhib-
ited the generation of angiotensin in every case. Five of the
six sera from renin-immunized rats incubated with rat renin
also completely inhibited angiotensin generation. Angio-
tensin was generated at the rate of 25 ng/ml/hr with the
sixth serum, an amount considerably less than that gen-
erated after preincubation of non-immunized and mock-
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Table 3. Bioassayable angiotensin generation from excess sheep substrate after preincubation of hog or rat renin with serum from
immunized, renin-immunized or non-immunized rats a
Preincubation with Hog Renin Preincubation with Rat Renin
Mock- Renin- Non- Mock- Renin- Non-
Immunized Immunized Immunized Immunized Immunized Immunized
Angiotensin, 150 0 130 58 25 75
rig/mI/hr 180
150
100
125
135
0
0
0
0
0
170
135
100
100
125
113
57
64
74
74
0
0
0
0
0
88
68
94
69
75
mean± SEM 140±11 0 127±11 73±9 4±1 78±4
a All rats were maintained on the routine diet
Table 4. BUN, body weight, fluid intake and urine volume before, 24 and 48 hours after glycerol injection
Immunization procedure None Mock Renin Renal Mock Renin Renal
substance substance
Diet Routine Routine Routine Routine "Saline" "Saline" "Saline"
Number of rats 8 7 7 6 6 6 6
BUN, mg/IOU ml Control 21 1 25 1 23 1 27 1 21 1 19 2 22 2
24hr 88±8 81±12 113±11 102±6 26±4 31±8 27±4
48hr 94± 27 96± 21 162± 21 140± 7 26±2 25±3 23±5
Body wt, g Control 197 4 223 5 250 7 223 5 226 5 223 6 206 6
24hr 191± 4 211± 3 244± 6 220± 7 220± 5 211± 6 189± 5
48hr 187± 3 205± 7 235± 6 211± 6 210± 6 212± 7 190±6
Fluid intake, ml/24 hr Control 30 4 29 2 25 3 30 1 93 26 72 6 92 25
24hr 32±4 20±3 30±10 29±4 132±30 91±3 119±26
48hr 41±5 31±8 41±9 23±4 139± 29 136± 24 176± 24
Urine volume, mI/24 hr Control 8 1 12 1 11 1 11 1 66 23 40 8 59 22
24hr 22±5 15±3 24±13 15±4 109±28 70±13 99±23
48hr 26±3 15±3 30±7 23±3 138±25 106±20 150±30
Table 5. BUN, body weight, fluid intake and urine volume before, 24 and 48 hours after mercuric chloride injection
Immunization procedure None Mock Renin Renal Mock Renin Renal
Substance Substance
Diet Routine Routine Routine Routine "Saline" "Saline" "Saline"
Number of rats 7 5 7 6 7 7 6
BUN, mg/lOOm! Control 17± 1 24± 2 24± 2 25± 1 20± 1 18± 2 22± 1
24h 84±18 113±13 134±11 111±9 25±2 38±8 35±4
48h 180± 23 200± 22 218± 28 193± 34 21±2 45± 15 29±2
Body wt, g Control 190±4 238± 10 250± 5 239± 4 247± 8 244± 11 244± 7
24h 185± 6 235±9 243± 6 233±4 251 9 256± 11 238±9
48 h 180±7 222±8 244±6 231 3 243±9 249±10 288±7
Fluid intake, ml/24 hr Control 26± 3 22± 3 31 2 37± 3 72± 11 60± 7 81 14
24h 30+4 35±4 37±7 38±6 117± 16 98± 10 30± 12
48h 20+5 32±8 32±8 21±10 115±13 122±22 140±21
Urine volume, ml/24hr Control 8± 1 7± 1 9± 1 16± 3 50±9 37± 4 56± 10
24h 17+3 13±3 20±2 23±4 74±15 57±6 83±9
48h 9±3 16±9 15±9 15±9 101±17 95± 23 129±18
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immunized sera with rat renin (78 4 ng/ml/hr and 73 9
ng/ml/hr, respectively).
Studies after glycerol or HgCI2 injection. Previous studies
after glycerol injection of non-dehydrated, non-immunized
rats have indicated that this model of acute renal failure is
characterized by a low incidence of oliguria and a variable
degree of azotemia [14]. In addition, marked alterations in
renal function and appearance have been demonstrated
using renal micropuncture techniques [15]. Similarly, the
HgCl2 model of acute renal failure is characterized by
azotemia in association with severely diminished inulin
clearance and frank tubular necrosis [9, 16]. In the present
study, various parameters measured under control conditions
and 24 and 48 hrs after glycerol or HgC12 injection in rats
subjected to the various experimental procedures are shown
in Tables 4 and 5, respectively. Long-term saline loading
prevented the animals receiving glycerol from developing
acute renal failure regardless of the immunization procedure
used. Renin immunization itself did not protect animals on
a routine diet from the azotemia typically attending glycerol
injection, the mean 48 hr BUN concentration of these rats
being significantly higher than that observed in any other
group (P < 0.05 or below). Chronically sodium-loaded rats
injected with 4.7 mg/kg HgC12 also were spared the develop-
ment of significant azotemia, whether renin-immunized
or not. Marked azotemia developed in all water drinking
rats 48 hrs after HgCl2 injection regardless of their
prior immunization.
Renal renin activity and renal renin concentration in
glycerol-injected rats. As shown in Table 6, saline loading
resulted in a marked depression of PRA (P < 0.0005) in
non-immunized rats not challenged with glycerol (Group II)
as compared to rats consuming the routine diet (Group I).
PRA of non-immunized rats on the routine diet injected
with glycerol (Group III) 48 hrs earlier was not different
(P> 0.20) from that obtained in the non-immunized control
rats (Group I). The mean value of 4.7 1.2 ng/ml/hr obtained
in the glycerol-injected animals (Group III) included a
single value of 13.5 ng/ml/hr, without which the mean
would have been 3.6 ng/ml/hr. The single high value could
properly be excluded by Chauvenet's criterion. Mock-
immunized rats on the routine diet injected with glycerol
(Group V) had a mean PRA value which was not signifi-
cantly different from the mean PRA of either group
(Group I or III) of non-immunized rats on a comparable
diet (P> 0.45 or more). The mean PRA of renin-immunized,
glycerol-challenged rats on the routine diet (Group V) was
1.3 0.4 ng/ml/hr, a value significantly lower (P < 0.0025)
than that obtained for non-immunized rats (Group I) or
mock-immunized rats (Group IV, P < 0.01) on comparable
diets, but not significantly different from the value obtained
in normal saline-loaded rats (Group II, F> 0.15). Forty-
eight hours after glycerol the mean PRA of renin-immunized
rats on a routine diet was significantly less than the mean
PRA of glycerol-challenged, mock-immunized rats on the
same diet (P <0.02).
The mean renal renin concentration (RRC) of eight rats
on the routine diet injected with glycerol 48 hrs earlier
(Group III) was 241 43 U/g (Table 6), a value not differ-
ent (P>0.35) from the 220±44 U/g obtained in six non-
immunized, control rats (Group I) or from mock-immu-
nized, water drinking rats given the same dose of glycerol
(P >0.30) on the same diet (Group IV). The mean RRC
of 333 44 U/g obtained in nine renin-immunized rats on
the routine diet (Group V) was greater than that of non-
immunized rats not receiving glycerol (Group I, P <0.05),
but not different from that value obtained in the eight non-
immunized glycerol-challenged rats (Group III, F> 0.05).
Saline loading resulted in a comparable degree of RRC
suppression regardless of immunization procedure or glyc-
erol injection. Expressed as renal renin content (renin con-
centration x kidney wt), the data revealed no meaningful
additions to the information derived for RRC.
Discussion
Acute renal failure has been shown repeatedly to be asso-
ciated with renal ischemia and impaired filtration. Markedly
decreased renal cortical blood flow has been demonstrated
in clinical cases of this syndrome [17, 18], in toxin-induced
acute renal failure in dogs [19], and most recently, in glyc-
erol-induced acute renal failure in the rat [20], but the
mediators of this preferential renal cortical ischemia have
not been defined, Some thirty years ago, Goormaghtigh
suggested that the juxtaglomerular apparatus may be an
important determinant in the pathogenesis of acute renal
failure. The finding of elevated plasma renin [1—3] and
angiotensin [5] titers in human acute renal failure lends
qualified support to that possibility. Similarly, DiBona
and Sawin [21] demonstrated an elevation of renin activity
in rats three to seven hours after glycerol administration,
whereas Hayes et al [6] found no elevation of serum renin
activity 24 and 48 hrs after administration of the same dose
of glycerol. These results suggest that the renin-angiotensin
system may be involved in the early phase of glycerol-
induced acute renal failure. As presently envisaged, the
renin-angiotensin axis might exert its effect on glomerular
filtration by direct intrarenal mechanisms [22, 23]. The pres-
ent study was undertaken in an attempt to delineate the
relationship between peripheral renin activity, renal renin
concentration and the development of glycerol-induced,
myohemoglobinuric acute renal failure in the rat.
In the present study, 48 hrs after glycerol challenge, the
plasma renin activity of non-immunized rats consuming a
routine diet wasnot greater than that of similarly handled,
nonchallenged animals despite the presence of severe renal
failure in the glycerol-treated rats (Tables 4 and 6). The
renin-immunized animals had markedly lower plasma renin
activity than non-immunized rats on the same diet. In addi-
tion, the renin-immunized animals were highly refractory
to the pressor effects of exogenous hog renin, and their
serum was capable of almost entirely abolishing the genera-
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Table 6. Immunoassayable plasma renin activity and renal renin concentration in renin-immunized, mock-immunized and non-
immunized rats
Group I II III IV V VI VII
Immunization 0 0 0 Mock Renin Mock Renin
procedure
Diet Routine "Saline" Routine Routine Routine "Saline" "Saline"
Glycerol 0 0 + + + + +
PRA. ng/ml/hr 4.5
3.0
3.5
2.6
3.3
0.2
1.7
0.9
0.7
1.2
0.7
3.5
4.4
7.3
3.5
1.9
13.5
1.6
3.3
3.2
1.4
4.8
5.1
2.5
3.0
2.8
1.9
2.1
0.0
1.4
1.3
Mean± SEM 3.4± 0.3 0.9± 0.2 4.7± 1.2 3.3± 0.6 1.3± 0.4
RRC, U/g 272
150
103
175
210
408
2.3
1.8
0.9
0.7
2.4
0.2
243
306
66
414
370
214
96
219
185
156
381
230
177
342
370
442
121
248
302
488
207
382
100
357
421
489
0.8
0.7
3.6
1.4
1.1
0.2
3.0
1.1
0.2
0.6
0.2
0.8
0.8
1.5
0.4
0.2
Mean SEM 220 44 1.4 0.4 241 43 267 39 333 44 1.5 0.4 0.6 0.2
tion of angiotensin when added to a mixture of renin sub-
strate and either hog or rat renin. These results appear to
be the consequence of biologically effective immunization
against renin rather than non-immunological alterations in
the renin-angiotensin system induced by heterologous renin.
The peripheral renin activity of renin-immunized animals
was reduced to essentially the same degree as that of non-
immunized saline-loaded animals. The latter animals were
effectively protected from the marked nitrogen retention
usually observed after glycerol injection, however, while
the immunized animals were not. It appears, therefore,
that peripheral renin activity per se is not apt to be the
prime mediator of the persistent vasomotor abnormalities
observed in experimental acute renal failure.
The renal renin concentration of water drinking, non-
immunized rats, was not significantly different from control
48 hrs after glycerol injection. Some degree of renal edema
is a universal accompaniment of the established phase of
glycerol-induced acute renal failure in the rat, and might
minimize differences in renal renin concentration between
control animals and those studied 48 hrs after glycerol
injection. Corrected for kidney weight, however, renal
renin titers of the myohemoglobinuric rats still were not
significantly different from controls. It appears, therefore
that increased renal renin content is not a requisite to the
maintenance of glycerol-induced renal failure in the rat.
Although neither plasma nor renal renin activity was
determined in HgCl2-injected rats, the completeness of
immunization in all rats tested suggests that analogous
alterations in the renin-angiotensin axis may have occurred.
Although their plasma renin activity was significantly
reduced, renin-immunized, water drinking rats showed an
increase in renal renin concentration. This increase was
relatively small, but may have reflected a significant in-
crease in the release of renin which was promptly neutral-
ized by circulating anti-renin antibody. Regardless, the
degree of renal insufficiency obtained in these animals after
either glycerol or mercury injection was not greatly differ-
ent from that of non-immunized animals. However, neither
the finding of normal renal renin concentrations in water
drinking, non-immunized rats, nor the very modestly in-
creased renin content in kidneys of renin-immunized
animals, excludes the possibility that the renin-angiotensin
axis might serve as an indirect determinant of renal in-
sufficiency. Increased sensitivity of the renal vasculature, a
decreased rate of renin washout, or slow inactivation of
renin might amplify the effect of that amount of renin
which is released. In addition, it is possible that angiotensin
is generated within the macula densa at a site which is not
accessible to circulating antirenin antibody. The findings
might be explained equally well by suggesting that the
renin-angiotensin axis, rather than being the essential
mediator of cortical ischemia, serves a permissive role.
Synergism between catecholamine activity and renin has
been demonstrated previously in normal animals [24].
Alternatively, the renin-angiotensin axis may play no im-
portant role in the pathogenesis of acute renal failure but
may simply reflect a secondary response to renal ischemia.
If so, the association of marked renal reniri depletion and
the protection from acute renal failure observed in salt-
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loaded animals in this and prior studies [7—9], and the
association of increased peripheral renin activity in human
acute renal failure [1—3] are merely coincidental. Whatever
the mechanism, it is clear that neither plasma renin activity
nor renal renin concentration needs to be increased to
permit the severe and protracted renal cortical ischemia
associated with glycerol-induced myohemoglobinuric acute
renal failure in the rat.
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